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UTANEOUS NEOPLASMS ARE
the most common malignancies in the United States, with 70% to 80% diagnosed as basal cell carcinoma (BCC), followed by squamous cell carcinoma (SCC) and malignant melanoma (MM). 1, 2 Risk factors include cumulative UV radiation exposure, race, advanced age, reduced DNA repair capability, and immunosuppression. [3] [4] [5] [6] Multiple studies have demonstrated an increased risk of cutaneous malignancies in immunosuppressed populations. This risk is most pronounced in solid-organ transplant recipients, who have a 65 to 250 times increased risk as compared with the general population. [4] [5] [6] Patients with human immunodeficiency virus (HIV) infection also have an increased risk of some types of cancer. [7] [8] [9] Early in the HIV epidemic, Kaposi sarcoma (KS) was the most common malignancy in HIV-positive patients, with a rate that was more than 1000-fold greater than that of the general population. 7, 10 Because HIV-infected persons have an increased propensity to develop KS as well as non-Hodgkin lymphoma (NHL), these conditions were classified as AIDS-defining cancers (ADCs). 11 Since the advent of highly active antiretroviral therapy (HAART), the rate of KS has decreased substantially. 12 The incidence and risk factors associated with cutaneous non-ADCs (NADCs) among HIV-infected persons are less defined. Although some studies have shown a higher incidence and/or a more aggressive course of cutaneous NADCs among HIV-infected patients, the number of studies is limited and the results have been mixed. 9, [13] [14] [15] [16] [17] Important risk factors for the development of skin cancer, regardless of HIV status, include fair skin, family history, and cumulative sun exposure. 18, 19 However, it is currently unknown whether the CD4 lymphocyte count, HIV RNA level, or receipt of HAART affects the development of cutaneous NADCs among HIV-infected populations. We evaluated a large cohort of HIV-infected persons over the course of the HIV epidemic to provide data on incidence rates and HIV-specific factors associated with cutaneous malignancies among HIVinfected persons.
METHODS
We retrospectively examined data collected as part of the US Military HIV Natural History Study, a multicenter, prospective, observational study that enrolled more than 4500 persons at 7 geographic locations in the United States (1986 to 2006). Participants were military beneficiaries who were evaluated on a biannual basis using standardized data collection procedures. All active-duty US military personnel were HIV negative on entry into the service and subsequently underwent HIV screening every 1 to 5 years. Among persons in the US Military HIV Natural History Study with a documented last known HIV-negative date (55%), the mean (SD) seroconversion window was 20.7 (17.0) months. Persons without a documented HIV-positive date, persons with a diagnosis of cancer before 1986, and persons with a diagnosis of cancer more than 6 months before the HIV diagnosis were excluded from the analyses, thereby yielding 4490 participants for our study. Our study was approved by central and local institutional review boards, and all participants provided informed consent.
Cutaneous malignancy cases were identified by database queries using the terms malignancy, cancer, carcinoma, and tumor, 20 all of which had a location recorded as skin. Baseline was defined as the time of HIV seroconversion, conservatively estimated as 6 months before the first documented HIV-positive test result. Cutaneous malignancies were included only if they occurred after this point. Cancers were defined as an ADC in cases of cutaneous KS or NHL and as NADC for all other primary skin cancers. The study included only cutaneous SCCs and excluded mucosal SCCs of the mouth, genital, or anal regions.
Data collected included demographics; cutaneous cancer type, location, and date of diagnosis as well as subsequent cutaneous malignancies and their location and date when applicable; last seronegative-and first seropositive-HIV dates; CD4 lymphocyte counts and HIV RNA test results at baseline and sequentially over time; hepatitis B status at HIV diagnosis (defined by at least 2 of the following test results being concurrently positive: core antibody, surface antibody, or surface antigen tests); history of AIDS-defining conditions other than cancer; Walter Reed stage at entry into the US Military HIV Natural History Study, designated as 1 through 6 for ascending degrees of disease based on CD4 lymphocyte counts, opportunistic infections, lymphadenopathy, and delayed-type hypersensitivity 21 ; and use of antiretroviral therapy. Highly active antiretroviral therapy was defined as 2 or more nucleoside reverse transcriptase inhibitors in combination with at least 1 protease inhibitor or 1 non-nucleoside reverse transcriptase inhibitor or an abacavir-or tenofovir-containing regimen of 3 or more nucleoside reverse transcriptase inhibitors.
For the participants with cutaneous cancer, the censoring date was the first cancer diagnosis date for the specific type of cancer considered. For those without cancer, the censoring date was the last study visit or the date of death. Follow-up for this report ended December 31, 2006 . Participants were classified for stratification purposes as HIV positive in the pre-HAART era (before 1996) or in the HAART era (1996 or later).
Statistical analyses included descriptive statistics. Values were expressed as mean (SD). 2 Tests were used to compare proportions; general linear models were used to compare continuous valued measurements. The number of events, personyears (PYs) at risk, and age-adjusted rates of events (per 100 000 PYs) were calculated for 5-year intervals, the pre-HAART era, and the HAART era. Rates for cutaneous ADCs were calculated for men only (because of the predominantly male study population and because most cases occurred among men) and age-adjusted with the US 2000 standard population for males, using the age at the midpoint of the interval. Rates for cutaneous NADC events were calculated for white/non-Hispanic men only (because almost all cases occurred among white men) and age-adjusted with the US 2000 standard population for white/non-Hispanic males. Rates were reported with 95% confidence intervals. Poisson regression analyses were used to test the hypothesis that the cancer rates remained constant over time.
Univariate and multivariate Cox proportional hazard models were used to evaluate the association of specific factors with the type of initial skin cancer. Baseline was the time of HIV diagnosis or January 1, 1986, whichever occurred later. For the CD4 lymphocyte count, HIV RNA level, receipt of HAART, and a history of a noncancer AIDS-defining event, we used both baseline and time-updated covariates, which included all available measurements from baseline through the event or censoring date. All models were stratified by HIV diagnosis era. Hazard ratios were reported with 95% confidence intervals. All analyses were conducted using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
BASELINE CHARACTERISTICS OF THE STUDY POPULATION
The study cohort consisted of 4490 HIV-infected participants who were followed up for a total of 33 760 PYs (mean [SD], 7.5 [4.9] years). The mean (SD) age at HIV diagnosis was 30 (7.9) years; 91% of the participants were male; and the self-reported race was 45% African American, 44% white/non-Hispanic, and 11% other. Of the participants with a documented Walter Reed stage classification at HIV diagnosis (n=3888), 65% had stage 1 or 2 (early stage) disease. Of 2435 participants with available serologic data, 34% were seropositive for hepatitis B. A baseline CD4 lymphocyte count was available for 3483 participants, with a mean (SD) value of 539 (275) cells per microliter. Many participants were initially infected with HIV before HIV RNA testing was available. A baseline HIV RNA measurement was available for 1317 participants, with a mean (SD) of 4.2 (0.9) log 10 copies per milliliter.
NUMBER AND INCIDENCE RATES OF CUTANEOUS MALIGNANCIES
A total of 254 of the study cohort (5.7%) developed a cutaneous neoplasm during the study (Figure 1 ). Eleven participants developed 2 different cutaneous malignancies (5 that were concurrent and 6 that developed during follow-up), for a total of 265 cutaneous cancer events. In total, there were 193 cutaneous ADCs (192 cases of KS and 1 case of NHL) and 72 cutaneous NADCs (51 BCCs, 13 MMs, and 8 SCCs). All cancers occurred among men, except for 1 ADC that occurred in a woman. No Merkel cell carcinoma or other type of cutaneous malignancies were identified during the course of this study.
Age-adjusted rates of KS among men in the cohort varied over the course of the HIV epidemic, as shown in Figure 2 ). During 2001 to 2006, the age-adjusted rate of BCCs among white/non-Hispanic men exceeded that of KS (397 cases per 100 000 PYs vs 134 cases per 100 000 PYs, respectively). The rate of MMs (114 per 100 000 PYs) was similar to that of KS, while SCCs occurred at a lower rate (49 per 100 000 PYs).
CLINICAL CHARACTERISTICS OF HIV-INFECTED PERSONS WITH CUTANEOUS NADCs
The most common cutaneous NADC diagnosed was BCC, which occurred in 51 participants; the clinical characteristics are summarized in Table 2 . Eight participants (16%) with BCC had more than 1 BCC lesion noted at initial presentation, all of which occurred in the same body location. During a mean (SD) follow-up of 7.8 (6.2) years after the diagnosis of the first BCC, 12 participants (24%) developed new BCC lesions (range, 1-5 lesions) at novel locations, for a total of 83 BCC events. Also, four patients (8%) with an initial BCC subsequently developed a second type of cutaneous malignancy: 3 developed KS and 1 developed MM. Malignant melanoma was diagnosed in 13 participants; 3 also had BCCs (2 concurrently and 1 subsequent to the diagnosis of MM). Table 2 summarizes the characteristics of participants with MM. During a follow-up of 4.9 (4.3) years after diagnosis of the first MM, 1 participant (8%) developed an additional MM in a different location and 1 developed a BCC. Eight participants had an SCC of the skin (Table 2) , 2 also had a BCC, and 1 developed the SCC after having KS. During a follow-up of 2.1 (1.5) years after diagnosis of the first SCC, no patient developed a subsequent cutaneous malignancy.
In summary, of the 65 participants followed up for 5.1 (4.3) years and diagnosed as having a cutaneous NADC, 13 (20%) developed a second cutaneous malignancy of the same type and 5 (8%) developed a second cutaneous malignancy of a novel type. The mean time between the first and second cancers was 3.9 years for those with the same cancer type and 3.7 years for those with a different cancer type. Twenty-two HIV-infected persons (34%) with a cutaneous NADC died during follow-up; however, none of the deaths was attributed to the cutaneous cancer.
COMPARISONS OF HIV-INFECTED PERSONS WITH A CUTANEOUS ADC AND A CUTANEOUS NADC
We compared the characteristics of participants whose first cancer event was a cutaneous NADC with those whose first cancer event was a cutaneous ADC ( Table 3) . The 1 participant who was diagnosed with a concurrent cutaneous ADC and a NADC was included in the NADC group. Participants with a cutaneous NADC were older, more likely to be white/non-Hispanic, had a longer mean duration of HIV infection before cancer diagnosis, had a higher CD4 lymphocyte count and a lower HIV RNA level at the time of cancer diagnosis, and were more likely to be receiving HAART than those with a cutaneous ADC. Participants with a cutaneous ADC were more likely to be hepatitis B seropositive than those with a cutaneous NADC.
FACTORS ASSOCIATED WITH CUTANEOUS NADCs AMONG HIV-INFECTED PERSONS
Using Cox proportional hazard models, we assessed factors associated with cutaneous NADC events ( Figure 2 . Age-adjusted incidence rates of cutaneous malignancies before the highly active antiretroviral therapy (HAART) era (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) and during the HAART era (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . The rates for Kaposi sarcoma (KS) apply to men only; the rates for non-AIDS-defining cancers (NADC) apply to white/non-Hispanic men only. The rates are age-adjusted to the appropriate US 2000 standard population. BCC indicates basal cell carcinoma; MM, malignant melanoma; and SCC, squamous cell carcinoma. HAART, BCC has now superseded it as the most frequent cutaneous malignancy. In our study, cutaneous NADCs were not associated with immune status or receipt of HAART but were mostly related to traditional risk factors such as aging and skin color. Currently, cutaneous malignancies are the most frequently diagnosed cancers in the US general population.
1,2 Likewise, cutaneous malignancies likely account for the majority of cancers among HIV-infected persons. 20 However, to date, most studies evaluating malignancies among HIV-infected persons have used registry data, which often lack information regarding cutaneous NADCs. 22 We evaluated 4490 HIV-infected persons over a 20-year period and found that 6% of the cohort developed a cutaneous malignancy during a mean follow-up of 7.5 years.
In this study, the incidence of cutaneous ADCs significantly decreased after 1995, similar to the findings of other studies and coinciding with the introduction of HAART. 12, 23, 24 On the other hand, the age-adjusted incidence rates of cutaneous NADCs remained stable. As HIV-infected persons are experiencing increasing life expectancies and a reduction of ADCs, 25 NADCs have become the most common cutaneous malignancies in this population.
The factors associated with the development of cutaneous NADCs in our study of HIV-infected persons included increased age and white/non-Hispanic race, similar to that seen in other HIV-positive cohorts and in the general population. 18, 19 On the other hand, CD4 lymphocyte counts were not related to the development of cutaneous NADCs and were relatively high (mean CD4 lymphocyte count, 439/µL) at the time of cancer diagnosis. Other studies have shown that the depth of tumor spread and outcome are typically not associated with the CD4 lymphocyte count. [17] [18] [19] 26, 27 The lack of an association of cutaneous NADC with immune status in HIV-infected patients differs from that in immunosuppressed transplant recipients, whose risk of skin cancer correlates with lower CD4 lymphocyte counts. 28 Although a recent study demonstrated similarities in the types of cancers seen among persons with HIV and transplant recipients, 29 there are differences among the risk factors and clinical characteristics of cutaneous cancers between these populations. For example, 30% to 70% of solid-organ transplant recipients develop a cutaneous malignancy, whereas only 6% of HIV-infected persons developed either a cutaneous ADC or a cutaneous NADC in our study. 30, 31 These differences may be attributed to the type or degree of immunosuppression in transplant recipients compared with patients with HIV. 30, 32 Many transplant recipients receive cyclosporine and/or azathioprine, which not only have immunosuppressive effects that reduce tumor surveillance and increase the risk of acquiring human papillomavirus infection and perhaps other oncogenic viruses but also display intrinsic carcinogenic and photosensitizing effects that may contribute to the development of cutaneous malignancies. 6, 28 The present study failed to show a protective benefit of HAART against the development of cutaneous NADCs. A recent analysis of the Strategies for Management of Antiretroviral Therapy trial examined the impact of continuous HAART compared with drug conservation on cutaneous NADCs and found a similar rate for both arms (220 per 100 000 PYs; hazard ratio, 1.1; P = .98). 33 Because interrupting HAART is associated with rapid CD4 lymphocyte count declines and elevated inflammatory markers, which may affect immune surveillance and cancer incidence, the fact that continuing HAART did not alter cutaneous NADC incidence rates lends further support to the finding that HAART may not reduce rates of cutaneous NADCs. The lack of benefit of HAART in our study may also indicate that any positive effects of HAART may be offset by other factors such as increasing life expectancies and aging, which might increase cancer risk. Although, to our knowledge, HAART has shown no protective effect in the development or prognosis of cutaneous NADCs to date, isolated case reports have shown that BCC and Merkel cell carcinoma may regress with antiretroviral therapy. 34, 35 It has been hypothesized that the chronic immunosuppressed state seen in HIV-infected persons, which may not be entirely reflected by the CD4 lymphocyte count or improved by HAART, may cause an overall immune dysregulation and lead to cutaneous neoplasms. Other postulated pathogenic mechanisms regarding the risk of cutaneous cancers among patients with HIV include the role of potentially oncogenic HIV proteins (eg, tat and nef), the high incidence of human papillomavirus in this population and its potential role in the pathogenesis of SCC, and/or elevated interleukin levels that result in keratinocyte and melanocyte proliferation. [36] [37] [38] [39] [40] It has been suggested that persons infected with HIV have higher rates of some types of cutaneous malignancies, but comparing rates among patients with HIV and the general population is challenging because cancer registries such as the National Cancer Institute Surveillance Epidemiology and End Results Cancer Statistics Review do not provide data for BCC and SCC. Furthermore, age-adjusted rates are only comparable if the same standard population is used. For KS and MM, rates for the general population (ageadjusted to the US 2000 standard population) are available. The rates of KS in the general population before the HIV epidemic (1975) (1976) (1977) (1978) (1979) 41 compared with our rate of 114, suggesting a 3.9-fold higher rate. For rates of BCC and SCC, we recalculated age-adjusted rates using the 1970 US standard population for white males, as there are data in the literature that are standardized to this population. 42 The rates for BCC were similar for HIV-infected persons (323, 537, 266, and 354 per 100 000 PYs from the earliest to the most recent 4 periods) compared with those of the general population(360per100 000PYsduring1977-1980). 42 Comparison of rates for SCC showed that the recalculated rates for SCC for our 4 periods were 0, 68, 17, and 39 compared with 101 for the general population; however, these data are limited by the small number of SCCs in our cohort.
The current study demonstrated that HIV-infected persons presenting with a cutaneous NADC have a high likelihood of developing subsequent cutaneous malignancies at novel sites. In our study, 24% of the participants who initially presented with a BCC developed a subsequent BCC, and 8% developed a second type of cutaneous cancer. Furthermore, other studies have shown that patients with HIV have high rates of recurrences. 16, 18, 19, 43, 44 These data suggest that HIV-infected persons with an initial cutaneous NADC should be carefully followed up for both recurrent disease and the development of novel cutaneous malignancies. Similar to other immunosuppressed populations, patients with HIV develop cutaneous malignancies at a younger age than the general population. 4, 6, 16, 26, 31 In our study, the mean age at the diagnosis of a cutaneous NADC was 43 years, as opposed to a mean age of 70 years in the general population. 26 The most frequent cutaneous NADC in our study cohort was BCC, with a 6:1 ratio of BCC to SCC, which concurs with previous studies in HIV-infected populations and parallels the general population but differs from transplant recipients, who disproportionally develop SCC. 5, 14, 16, 19, 31 In contrast to previous studies that found the trunk to be the most common location of BCC in patients with HIV, the majority of BCC cases in our study occurred in the head and neck region, comparable to the general population. 16, 19 The current study differed from prior investigations as it included data from the HAART era. The most common locations of SCC (head/neck) and MM (trunk) were similar to those seen in the general population.
As in any study, the current study had limitations. First, 91% of the population consisted of men; hence, the current results may not be generalizable to HIV-infected women. The majority of our HIV cases were diagnosed early during infection and had high initial CD4 lymphocyte counts; therefore, our rates of cancer could be lower than rates for HIV cases that were diagnosed at more advanced stages of disease, especially for ADCs. Our study does provide important data, however, given the recent emphasis on early diagnosis of HIV. Data on an individual's cumulative lifetime of sun exposure were not available, nor could the participants be segregated by geographic location, as military personnel have frequent geographic relocations. These data are important because cumulative UV exposure plays an important role in skin cancer development by altering p53 tumor suppressor genes and reducing the number of Langerhans cells, which are important for immune surveillance. 1, 3 Other limitations include incomplete data regarding the subtype and aggressiveness of the malignancies, as well as the method of treatment. Because of the observational nature of the study, the ascertainment of cutaneous cancers may have varied over time in our cohort, which may have affected incidence rates. Finally, no information was available regarding human papillomavirus coinfection. [36] [37] [38] In conclusion, since the advent of HAART, NADCs are now the most common cutaneous malignancy diagnosed among HIV-infected persons. The present study demonstrates that the development of cutaneous NADCs is associated with increased age and skin color, as in the general population, but is independent of CD4 lymphocyte count or receipt of HAART. These results suggest that regardless of the CD4 lymphocyte level, all HIVinfected persons should be counseled on UV avoidance and that physicians should be aware of the risk of cutaneous malignancies in this population.
